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I - CONICAL Smm!! ALL-ExTlmJAL cOmmSS ION INLET

KITE SUBSONIC Cm LIP!

By Eced T. Esenwein and AL&ed S. Valerlno

SUMMARY

experimental investigateion to &etermine the foroe d pressure
chm?ad eristics of a ty@cal nose-inlet rem-jet configuration was con-
ducted in the NACA Lewis 8- by 6-foot supersonic tunnel. The model
consisted of a conical spike all-external compression inlet attached
to an annular subsonio cliffuser. Internal-and external-pressure dis-
tributions, pressure recovery, and lift, drag, and pitohing moment
were measured for a range of mass flows at angles of attaok from 0° to
100 for free-stream Mach numbers of 1.59, 1.79, and 1.99, “The investi-
gation wsa conducted at a Re~olds number of approximately 2.13 x 106
basei on model inlet diameter.

Results of the investigation indicate that a rapid inorease in
total drag with decreasing mass flow W5S associated with the large
increase in additive drag. The increment of external drag due to
angle of attack was found to be essentially independent of mass flow
and free-stresm Mach number.

At critical mum flow, the external-lift-ourveslope increaeed
slightly with angle of attaok and Mach number, whereaa the pitching
moment increased almost linearly with angle of attaok sad was inde-
pendent of Maoh number. At low angles of attack, the Uft and pitch-
ing moment remained nearly independent of mass-flow spillage. At 10°
angle of attack, however, the lift decreased with de~re~ iw -s fl~

● but the pitching moment remained nearly constant.
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In general, the decrease in pressure recovery with angles of b
attack up to 10° was of the order of 1 percent and no shook instability
was noted except for very low mass flows at 6° and 10° angles of attack
for Mach nmiber 1.99.

—

Comparison of the experimental results with available theories g
revealed that the additive-dragand friotion-drag coefficientswere
predioted satlsfaotoril.,yat zero angle of attaok for the range of mass
flows and,free-streamMach numbers investigated. Prediction of the
pressure drag, however, was limited to the condition of zero mass
spillage.

INTRODUCTION

As part of a program to determine the aercdynemio characteristics
of ram-jet engines, an investigation of four a.xfallysymmetric spike-
type supersonic nose-inlets was conducted in the NACA Lewis 8- by 6-foot
supersonic tunnel. In order to simulate a portion of a complete ram-
jet engine, each inlet was attachedto a fixed afterbciiythat fomned
the subsonic diffuser.

The purposes of this investigationwere: (1) to obtafn pressure,
force, and.moment data; W (2) to compare the experimental results with
theory where possible.

Results obtained from the investigationof a conical-spike all-
external compression inlet with a subsonic cowl lip qre presented. The
investigationwas conducted through a range of mass flows and angles of
attack from 0° to 10°,at Mach numbersof 2.59, 1.79, and 1.99. The
Reynolds umber based on the inlet diameter varied from 2.11 to

82.15 x 10 for the range of the investigation.

The following symbols are

% drag coefficient,D/q&m

Cf friction-drag coefficient

CL lift coefficient,L/~

SYMBOLS

used in this report:

based on wetted area

CM pitching-momentcoefficient about base of model, G/q@#

CP
pressure coefficient, p-po/qo

~--
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drag

diemeter at area of meximum cross sectton, 8.125 inches

pitching mdment about base of model

lift

length of model, 58.76 inches

Mach number

mass flow

total pressure

static pressure

dpamic pressure, y@42/2

Reynolds number

area

-inlet capture area defined by cowl lip, 0.1750 squsre foot

maxhum cross-sect’ionalarea, 0.3601 square foot

velocity

velocity in boundary layer

axial perturbation velocity

x,r,e cylindrical coordinate

Y distance.

a angle of

Y ratio of

from mdel surface

attack

specific heats, 1.40

5 boundary-layer

.

thickness

,
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Subscripts:

s! additive drag

f friction

1 100al condition in boundary layer

P pressure

5 renditions at outer edge of boundary layer

o free stream

1 Oowl lip

2 station at x = 7.558 inohes

3 entranoe to combustion chamber

5 minimm area at plug

IWOA NM E50J26 8
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APPARA!LU3AND PROCEDURE

Two identioalmodels of the ram-jet configurationwere investi-
gated; one w used for foroe measurements, the other was used to obtain
preesure data. The instrumentationconduits and the boundary-layer rake
shown in ftgure 1 were not present on the foroe model. .

The main mm~nents of the rem-jet mnf’iguration shown in fig-
ure 2(a) mmsisted of a oonical-sptie all-external mmpress ion inlet
(fig. 2(b)) followed by an annular subsonic Mff use& formed by the outer
shell and the oentral inner body. Four support stmrbs located 450 frcm
the vertioa.1center line were used.to attach the outer shell to the
center body. The over-all length of the model w- 58.76 inohes and the
maximum body diameter was 8.125 inohes.

The Inlet was so designed that the angle formed between the cx?m.ter
line of the model and a line joining the tip of the spike and the cowl
lip was equal to the angle of the oblique shock generated by the 5@
oone at a Maoh nuuiberof 1.79. The cowl, which was design&1 for oper-
ation with the normal shock looated slightly ahead of the mwl lip, had
a rounded subsonio leading edge (fig. 2(b)). Coordinates For the center
body and outer shell are presented in table I.

c,
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The mean geometric flow-area ratio (fig. 3) rq?esente the ratio
of the area baaed on the average normal to the surfaoes of the annulus
to the ~imum cross-sectional area in the combustion chamber. The
region of newly constant area at the inlet wee provided to permit
stabilization of the boundary lqer behind the normal shook prior to
deceleration of the flow in the subsonio d.iffuser. The small deorease
in flow area from x/d = O to 0.25 resulted from the desis of the
subsonio oowl lip.

5

The flnme model was rigidly connected to a three-mmponent strain-
gage balance located inside the oentwr body and the balance was attached
to the tunnel sting-strut ccmbination.

Instrumentation of the pressure model inoluded static orifices as
.

indicated in table II and a l~inoh boundery-l~er rake located on the

outer s&faoe of the model (8 = 0°) at station 51 (fi.g.2(a)). For one
of the runs at a Maoh number of 1.79, two total-head rakes were located
inside the model iramiiately in frent of the support struts at 19= 13S0b
and 3150.

v Six similar radial atatio and total-pressure”rakes, equally spaoed
with respect to the vertioal oenter line, were attaohed to the sting at
the entrance of the ccdbustion cheniberfor both the force and pressure
models. A sting-mounted, hydranlioally aotuated plug was provided at
the exit of the model to vary the flow conditions through the engine and “
a pendulum-type angle-of-attitude indicator with an aoouraoy of 0.10 was
looated inside the oenter body to meemre the angle of attaok.

All ~essures were measured on multiple-tube mancmzeterboards and
were photographicallyreoorded. The total pressures in the boundq
layer were measured using mer.mry ae the working fluid; all other
pressures were measured wing tetrabromwthylene.

●

,

#“

Both models were investi ated through a range of mass flows at
5angles of attaok from 0° to 10 for the free-stream Maoh numbers of

1.59, 1.79, and 1.99. An additional run was made with the pressure
model rotatd 1800 to obtain a more oom@ete survey of the ~essure dis-
tributions at Maoh number 1.79.

For p~esentation of the data ~erein, the mass flow is expressed
in terms of m3/mo, defined as the ratio of the flow passing through the
engine to the flow in a free-streem tube of cross-sectional area Sc
(fig. 4). The mass fluu passing through the engine waa computed for
ohoking at the minimm geometric area of the plug using the measured
total pressure at the combustion-ohember inlet and was correoted by the
faotor 0.97, whioh wes determined for the shook-swallowed oondition. .

. ~~
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RESULTS AND DISCUSSION

The presentation @ the discussion of results are divided,into
tio major seotions covering the external and imbemal-flow character-
istics. Evaluation of the.effeots produced by variations in mass flow,
angle of attaok, and free-streemlfaoh number are made in terms of’the
flow characteristicsof the model.

External-Flow Chemacteristtos

NAOA RM E50J26 d
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Zero anule of attack. - The total drag, which tncludes the ~essure
and the friotion drag over the outer shell and the additive drag along
the entering streamline, is ~esented in coefficient form in figure 5.
At a constant mass-flow ratio, the mess-flow spillage hed an increasingly
adverse effeot on the total drag es the free-stresm Maoh nmnber yaried.
fro3nl.59 to 1.99. At critioal mess flow, the increase in drag vith
deceasing free-streemMach nuniber, es Shown in figure 6, resulted from
the inorease in mum-flow spiH.age due to choking internally nesr the
leading edge of the support struts.

Representative pressure distributions over the external su?.%aoe
of the model at zero angle of attack are shown In figure 7 for the three
Mach numbers. These data indioate that the external static pressure
over the cowl deoreased with Increasing mass spillege due to the rapid
expanslon produced by the increesed curvature of the entering streamline.
Additional pressure data are tabulated in table III.

The @rge variations in the external pressures over the cowl did
not extend to more than ap~oximately 1 diemeter duunstre~ of the cowl
lip. For maximum mass flow at each free-streezaMach nuniber,external
pressures equal to or less than the stresm static pressure were
approached at,approximately x/d = 0.5. Consequently, a greater pert
of the surface pressure drag occurred over the forward portion of the
Oowl●

The decrease in the external-pressureooeffictent at x/d = 4.31
resulted frcm expsmsIon of the flow ~oduced by the change in contour
of the outer shell. Variations in the Wessure distributions at
x/d = 1.5 at Mach nuniber1.79 and x/d = 3.25 at Mach number 1.99
have been determined to result from weak tunnel disturbances.

Cbnq@rison of’the experimental pressure distributions at Mach
number 1.99 with linearized Votential theory (Cp = -2 vx/UO) shows

exoellent agreemsnt at a mass-flow ratio of 1.00 (fig. 7(c)). Although .

t
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* no valid comparison can be made at Maoh nunibers1.59 and 1.79, the
theoretical pressure distributions are included on figures 7(a) end
7(b) to represent the limiting pressures that would be attained at a
mass-flow ratio of 1.00.

d
8
N Typiml schlieren photographs of the shook oonfiguratbn at the

inlet are presented in figure 8 for zero angle of attaok. Enlargements
of these photographs showed a small region of separated.flow at the
cowl lip with lsrge mass spillage. Although the flow separation 3s not
apparent in figure 8, the region of expansion and the ocmpression shock
subsequent to the separation of the flow can be readily identified.

# The pressure-drag coefficient ~,p evaluated from a gra~ical

integration of the pressures measured over the external stiace of the
model, decreased linearly with decreasing mass-flow ratio, as shown in
figure 9. At mass-flow ratios below approximately 0.7, the pressure
drag beceme negative due to the negative pressures over the 00W1.

Ressonsbl.ygood agreement is obtained between the theoretical
●=

pressure-dragcoefficient and the ex~rimental results for the shock-
swallowed ootiftion at Maoh nuniber1.99. Extrapolation of thedata for

f Maoh numbers 1.59 and 1.79 to amsss-flow ratio d’ 1.00 woulclindioate
that gooi agreement with theory oould be qoted at these oonditi.ons.

Typical bound~-lqyer profiles measured adjacent to the suz%ace
of the model at station 51 are presented in figure 10 in terms of the
100al Maoh num%er. The Raylei@ equation waa used to evaluate the
boundary-layer data at zero angle of attaok by assuming that the statto
pressure in the flow fieldw= eqzal to the value measured at the model
surfaoe and that the total temperature wes oonstant throughout the flow
field.

!I!hevariations in the profiles with mass-flow sptllage and free-
stresmMaoh number were found to be associated with the detaohed bow
wave ahead of the 00W1 lip and the data were analyzed using the methcd
presented in reference 1. AS a result of this analysis, the bcwndary-
layer thickness 8 was determinedto extend to the point at whioh the
slope of the profile rapidly increased, as indioated in figure 10.

The nond~nsional-velooity profiles were calculated using the
bound=y-layer thiolmess 8, whichwaa detemined by the method in
referenoe 1, and m presented in figure 11. FW the range of mass
fluws and free+treamMaoh numbers of this investigation, the velooity
profiles are in agreement with the 1/7 power l-, which is usua31y

. applied to
the effect

*

flat-plate data
of the ~essure

without presstn?egradients. Calculation* of
gradient ontheboundary layer indioatedtiat
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lnesmuch sa the gradient occurred only over— .
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the cowl in the region of v
thin boundary layer the effect would be of the order of 1.5 peroent of
the experimentalfriotion-drag coefficient.

The experimental values of friothn-drag coefficients, evaluated
from a graphical integration of the decrcmmnt of mmnentum in the boundary
layer, are presented in figure 12. l!keminationof the sohlieren photo-
graphs indioated that the transition point In the boundary lqer ocmrred
at approxhately x/d = 0.6 and that small varfatlow in the friction-
drag coefficient probably resulted from the movement of the transition
point along the model.

A comparison of the average values of the eqw~ental friction-
&rag coefficientswith the theoretical values, obtained from the
equations given by von K&m& (reference2) for turbulent compressible
fluw over a smooth flat plate, is presentdk figure 13. Althouf& the
small region of leminar bouzdlarylayer over the cowl @ possible three-
dimensional effects have been neglected in this comparison, good agreement
is obtafned.

The’experimentaladditive-drag coefficientswere evaluated at zero
angle of attack from a mcmentum balanoe between the free-streeznflow
station O and flow station 2. The results presented.in figure 14 indicate
a very rapid tnoreue h additive drag with decreasing mass flow with the
rate of change being essentially‘independentof free-stresm Wh number.

Good agreement is obtained between the theory based on one-
dimensional flow considerations~ presented in reference 3 and the
experimental results for the three free-streamMach numbers. Inasmuch
as the oblique shock fell slightly ahead of the cowl lip at Mach number
1.59, the ordinate of the theoretical curve at amass-flow ratio of 0.93
represents the supersonic additive drag at the maximum mass flow aa
determined from oonical-flowtheory for the shook-swallowed condition.

.
The drag components ere summm Ized and compared with the total

drag measured with the force model In figure 15. For fiis comparison,
the friction tiagwaa modifted to include the inorement of drag due to
friction over the surface of the model from station 51 to 56 using the
average friction coefficient obtained from the boumiary-layer measure-
ments. Good agreement was obtained at Maoh rnmibers1.79 and 1.99. “At
Mach mnnber T.59, however, the foroe-mc%leldrag was approx~tely
15 percent higher at critical maas flow than that obtained from the
pressure model.

.

For critical mess flow, the additive d-r%!at Mach number 1.59
waa greater than the sum of he pressure and
Mach nudbers 1.79 and 1.99 the friction drag

friction drags,
was the largest

wheress at
.

compment.

b
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* The decrease in pressure hag with decre=ing mass flow was relatively
unimportant because the increase in additive drag wsa muoh greater and
the net effect was a rapid increase in total drag. For a mass-flow

* ratio of 1.0 at a Mach number of 1.99, the additive drag wss zero and
8“ the pressure drag became a significant part of the total drag.
N

Angle of attack. - The &Yect of angle of attack on the total-
&rag coefficient is presented in figure 16. For a constant mass flow,
the axial force due to the exbernal flow was found to be nearly inde-
pendent of angle of attack; the increase in drag with angle of attack
therefore resulted from the component of the normal force. All
increments of drag were essentially inde~tient of mass flow except at
10o angle of attack for Mach rnmiber1.99 where slight shock instability
occurred.

Included in the external lift presented in figure 17 is the
component of the force along the entering stresm tube, which is inherent
in the definition of the external forces. At low angles of attack for
the three Mach numbers, the lift did not wxcy greatly with maas-flow&
spillage. At 10° angle of attack, however, the lift decreased wtth
decreasing mess flow. The external pitchi~ moment, evaluatwl by sssum-

i ing that the turning of the flow occurred at the cowl lip, was almost
independent of msss-flow spillage at all angles of attack, as shown in
f@re 18. For the complete range of the investigation, the center of
pressure location presented in figure 19 veried frcm 5.4 to 4.4 diameters
ahead of the base.

The vmiation of the drag increment, the llft, and the pitching
moment with angle of attack for critical mass flow is presemted in fig-
ure 20. The increese in drag increment was essentially independent of “
free-stream Mach nmber. The lift-ourve slope increesed slightly with
angle of attack and Mach number whereas the pitchtng nmment increased
almost linesrly with angle of at~k and was itiependent of Mach nuniber.

In order to ~ovide a shple comparison, theoretical curves were
calculated by the semiempirical method of reference 4, modified to apply
to m open-nosed body, and are ficluded in figure 20. End effects were
neglected for the calculations. Comparison of the experimental results
with the modified semiem@rical method indicates that the increment d
drag @nd the external lift are underestimated but that the pitching
moment is in agreement with experimental values for low angles of attack.
Inasmuch as the decrease in critical mess flow at %0° angle of attack
resulted in an increase in drqthe discrepancy between the experhnental
increment of drag and the theoretical value at

+ exaggerated.

a

this cotiitfon is somewhat
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Variation of the external-~essure distribution with
attack for a constant mass-flow ratio at Maoh number 1.79
fi@re 21. As the angle of attaok inoreased, the loading

NAOARME50J26 “r

\
angle of w
is shown in
inoreased in *

the region of the cowl. It is of interest 1% note that ~he major oontri- g
bution to the lift resulted frmn the indrease in static pressure over the “
lower surface of the model (e = OO). Beyond 2 diameters downstream of
the cowl lip, the external pressures over the upper surface (6 . 1800),
whioh were practically unWfeote$l by increasing angles of attack up to
10°, ~ fndicate separation & the cross flow (referenoe 5).

Comparison of the angle-of-attaok contribution to the oiroumfer-
ential pressure distribution with three~imensional linearized potential
theory at Maoh number 1.79 indicated ~ogressively better agreement aa
the distance downstream of the cowl lip was Increased. For zero mass
spillage at Mach number 1.99, better agreement wea obtained between the
ex~rimental results obtained near the 00W1 lip and two-dimensional
theory.

Variations of the total pressure in the boundary layer over the
bottom (e = @) and the top (e . 180°) surfaoes of the model at station 51 b

ere present~ in figure 22 forMaoh nmber 1.78 in terms of the ratio of
the 100al measured total ~ssure to the free-stream total pressure. with
increasing angle of attaokj a thinning of the bound~y layer ocourred over ?

the bottom surface of the model. Over the top surfaoe, however, a slight
increese In boundary-layer thicdcnessWAS noted for small angles of attaok.
At hfgher angles of attaok, the boundary-lqyer thldness decreased appreci-
ably and it is presumed that the boundsry-layer alr shifted to form a pati
of lobes along the sides of the model similar to the boundary-layer shtit
reported for the RM-10 m~el in reference 5.

Intezmal-Flow Characteristics

Zero angle of attaok. - The variation of total-pressure recovery
and combustion-chemberllaohnudberwith mass-flow ratio is ~esented in
figure 23. The total pressure ~ was det&’mir@d from the corrected
mass flow and the measured statio pressure in the oambustion ohsmber.
The Combustion-ohmnberMaoh nuniberwas calculated based on isentropio
expemsion at the flow from the annular area at the rake to the oross-
seotional area of the mmbustion chamber with the sting removed.

At Maoh nunder 1.59, the total+ressure recovery remained nesrly
independent of mass flow in the subcritical regton and the shook config-
uration was stable throughout the range of mass flow. Althou@ the total-
pressure recavery decreased with decreasing mass flow at Mach nunibers
1.79 and 1.99, no shock instability ooourred at zero angle of attaok.

*

E.
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9 A breskdown
losses, sa shown

n

of total-pressure losses into inlet and subsonic difYuser
in figure 24, indicates a decrease in subsonic diffuser

losses-and an incre~e-in inlet losses for decreasing mass flow. The
~ decrease in total-pressure recovery with decreasing mass flow for Mach
F numbers 1.79 and 1.99 resulted from a more rapid increase in inlet losses

then the corresponding decrease in subsonic diffuser losses. At maximum
pressure recovery near the oritical mass flow for the three free-stream
Mach numbers, the subsonic diffuser losses w6re apprmimately equal to
the inlet losses.

Comparison of the experimental inlet recovery with a calculated
shock recovery is presented in figure 25. In order to provide an inde-
pendent method of estimating the shock recovery, the location of the
normal shock ahead of the cowl lip for mass-flw ratios less than 1 was
predicted by the method presented in reference 6. An over-all total- .

pressure recovery wss then computed by weighing the separate recoveries
of the flow passing through both the oblique and normal shocks and the
flow passing through only the normal.shock. Inasmuch aa the friotion
effects over the internal surfaces were neglected, the qpeement between*
the calculated values and the experimental results is fair and within
the accuracy of the computations.

*
.J

The subsonic diffuser characteristics shown in figure 26 indicate
that the increase in total-pressure recovery p3/p2 witi decreasing mass

flow was independent of Mach number except in the region of critical
mass flow. At msximum total-pressure recovery for Mach nuniber1.79, sub-
sequent investigationrevealed that approximately 4 percent of the loss
in total pressure in the subsonic diffuser resulted from wake effects
produced by the support struts. .’

The diffuser performance has also been expressed in terms of a loss
coefficient AP/q2 and an effectiveness psmmeter (Ap/Apidealj. Although

no Mach number effect was indicated in terms of the pressure recovery, the
total-~essure loss expressed in terms of the available dynamic pressure
showed an increase with Mach number ss well as with mass.flow. Attempts
to correlate these data as a function of’either Reynolds number or Mach
number at the entrsnoe to the suksonic diffuser were unsuccessful, and it
is believed that the variation with Mach number may result from differences
in the initial boundary layer (reference 7).

Typical Mach number profiles at the entrance to the combustion
ch~ber for several mass flows at Mach number 1.79 a?e presented in fig-
ure 27. The largest variations in Mach number across the annular passage
occurred at mass flows neer maximum pressure recovery. The variations in
the profiles measured by the various rakes were found to result from the
wake effects prcduced by the supwrt struts.

s
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Angle of attack. - The effeot of angle of attaok on the total-
pressure recovery is shown in figure 28. A deorease of approximately

b

-.
1 ~rcent In total-pressure reoovery was measured as the angle of attaok

w

was inoreesed to 10°. These results indioate a somewhat smaller E
decrement in pressure recove~ with angle of attack than reported in
reference 8.

The Oritical mass flow was essentially unaffected by ohanges in
angle of attaok up to and including 6°. At 10° angle of attaok, however,
a decrease in the critioal mass-flow ratio from 0.915 at zero angle of

.-

attack to 0.865 was ?ne&ured for Maoh number 1.79. A similar decrease
ooaurred at Maoh numbezw 1.59 and 1.99.

The.abrupt deorease in pressure recovery for low mass flows
(m3/~ SSO.46) at Maoh number 1.99fw 6°-10° qles of attack

resulted from boundary-layer separation over the upper atiace of the
spike end slight instability of the shook configuration. No appreciable
decrease in pr-sure recovery resulted from the separation at high qles.
of a~taok for Mach numbers 1.79 and 1.99 when no l~tability occurred in
the shook configuration (fig. 29).

The effect af angle of attack on the in16t and subsonic diffuser
losses Is presented for Maoh number 1.79 in f@ure 30. These data
indicate that the oomponezrts of the total-yessure loss are essentially
independent of angle of attaok.

The basio cause of the reduction in critioal mass flow at 10° angle
of attaok can be found from a study of the variation in Internal pressure
distributionwith angle of attaok at Maoh number 1.79 presented in fig-
ure 31. Tor a constant mass flow, a slight de~re=e in ??ress~e OCC~S
over the bottom surface of the spike (e = 0°) ne= the 00W1 lip at 10o
angle of attack but the remainder of the static pressures shaw no
signifimnt treti. Over the top surfaoe (0 = 1800), however, the
deorease in statio pressure in the region of x/d = 1.0 at 10° angle of
attack hdioates that the flow tends to choke between the upper support
struts. It is believed that the cross-flow effects over the spike may
result in increasai mass flow in the upper portion of the annulus and
consequentlyproduces premature ohoking between the struts. Additional
Internal pressure data are tabulated in tab2e HI.

The vsxiation of total-p?esauredistributions at the entrance to
the combustion ohaniberwas very pronounced with angle of attack (fig. 32).
As the angle of attaok was varied from O0 to 10°, the peak of the profile
shtitxxltoward”theupper mzrfaoe of the annulus, indicating an inorease
in mass flowin this region. In the lower portion of the mibustion
oheaiber,the pmffle tended to bemne flat with a reversal in cmrvature

.

k
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the wall. Comparison

d with the pressure r~tio at

13

of the total-measure ratio in this region
the wall indicates separation of the f&

g along this surface of the ccmlnzstionchaniber.

SUMMARY OF RE3U13!S

The force and pressure characteristics of a tmical rsm-fret confi-
guration utilizing S conical spfke all-external o&&ession i&et were
investigated in the NACALewfs 8-by 6-foot supersonfo tunnel at a Reynolds
number of approximately 2.13 x 106 based on the inlet diameter. For the
range of mass flows and angles of attaok investi@ed at Mach nunibers
1.59, 1.79, and 1.99, the following results were obtained:

1. At zero angle of attack, the external-pressuredistribution for
zero WS sptllage was adequately pr~loted by linearized potential
theory.

2. The boundary-layer velocity profiles measured over the externalL
surface at the rear of the model were in good agreement with the 1/7 power
law. The skin-friction coefficientswere essentfall.yindependent of mass

t flow and were pmdioted by two-dimensionalcomwessible turbulent-flow
theory.

3. The rapid increase in total drag with decreasing mass flow
resulted from the large.inorease in additive drag. The variatian of
additive drag with mess fluw was predict~ at zero angle of attack from
one-dimensional-flow considerations.

4. For a constant mass flow, the axial force due to the external
flow was nearly independent of angle of attack indicating that the
increase in drag with angle of attack resulted from the component of the
nozmal force.

5. The external lift was essentially Nependent of mass flow at
low angles of attack. At oritical mess flow, the lift+mrve slope
increased with Mach nuniberand was linear at angles of attack below 6°. .
The pitching moment VS8 independent of mass flow and Mach number and
increased almost linearly with angle of attack. The resulting oenter of
pressure, which was located approximately 2 dtsmeters downstream of the ,
00W1 lip, moved slightly rearward with angle of attack and Mach nuniber.
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6. At critical mass flow, the increment of drag and
underestimatedbut the pitching moment was predicted wtth
aacuracy by a semiempiricalmethod, which was modified to
open-n~ed b@y.

Iawis Flight Propulsion Laboratory,
National JklvisoryCommittee for Aeronautics,

Cleveland, Ohio.
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!l!ABIEI-TABLEOFCOORD~~~

RAM-JET CONFIGURATION

NACA 8-INCH

(a) Center-body coordinates. (b) Outer-shell coordinates.

H2aticnl Diameter
(tn.)

0.500 3.000
1.000 3.330
1.500 3.600
2.000 3.820
2.500 3.983
3.000 4.3.X25
3.500 4.220
4.000 4.303
4.500 4.371
5.000 4.430
6.000 d.524
7.000 4.580
7.750 4.600
7.875 4.600
10.000 4.585
32.000 4*545
14.Odo 4.486
16.00Q 4.415
18.000 4.327
20.000 4.220
22.000 4.084
24.000 3.922
26.000 3.73.s
30.031 3.343

3tation

0.100
.200
.300
.400
.500

1.000
2.000
3.000
4.000
5.000
9.875

22.000
30.000
32.000
56.000

15

Diameter
(m. )

External

5.730
5.791
5.844
5.887
5.927
6.100
6.360
6.550
6.666
6.750
6.998
7 ● 616
8.024
8.125
8.125

Id.xmlal

5.598
5.604
5.622
5.648
5.678
5.845
6.310
6.300
6*41.6
6.500
6.748
7.366
7.774
7.875
7.875
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TABIX 11 - 14XlAT10NOl?STATIC-PRESSURE ORIl?ZCESFOR PRXSSURE MODEL

.

[a) Imaticm of static tubes
along shell contour.

Stathrl

Externala

0.50
1.00
1.50
2*OO
2.50
3.00
4.00
5.00
6.00
7.00
8.00
9.00
.0.00

11.00
12.00
14.00
16.00
18.00
21.00
24.00
27.00”
31.00
35.00
40.00
45.00

merld

0.50
1.00
1.50
2.00
2.50
3.00
4.00
5.00
6.00
7.00
8.00
9.00

%wo rows of orifices, one at

(b) Umation of static
tubes (e = 0°).

station

Spike Island

-1.50 8.00
-1.00 9.00
-0.50 10.00
0 11.00
0.50 12.00
1.00 14.00
1.50 16.00
2.00 18.00
2.50 21.00
3.00 24-.00
4.00 27.00
5.oi) 31.00
6.00 37.00
7.00

.

w

$

.

.-. .—
-—
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hF!L2 III - EXT@LUAL 460 1211ElKAL F’6MsuR2 COIEWIC126T2 OF NAOA &1222 RAM-JEIJ COWIOU2ATIOM
FOR FOOR A210L22 OF AlYA02

(a) Fr..-mtrom Wmb number of 1.54.

8ta- a=lP; *=o.806 a~e;~=o.m I u ~ o“; * = 0.663 1 a=d’3~*IJ,601
I

a.09j &90.464
tion

I Iml

m
enter
body

@
1,615
.04t3
.2ao

:Fo

.218

. ma

.766

.796

.606

.6m

.760

.626

.506

.672

.716

.620

.44?

.We

.474

.77a

.917
..024
..170
l.mo
1.976

L.324

titer dwll

*

Rtemnl IIlter-

12@ 270° @

La

body

0.614
.s01
.aao

1.CQ1
l.OIQ
.aad
.224
.477

l.om
l.ols
l.me
1.012
.991

l.om
1.030
l.ma
l.oaa
1,04s
1.*
1.169
1 .s!al
1.970
1.665
1.366
1.427
1,463

1.481

ttiiualdistribution 02

outer shell

*

2Aterld Inter-
nal

M@ 2700 @

I
-.029 .247 1.1
.Jn6 -.m4 1.161
-.M6 --- 1.14a
-.m6 -.M4 1,161
-.MO -.044 1.169
-.ms -.MO 1.167
-.mo -.m5
-kin -.CF?.6
-,mo -.C92
-.o17 -.o17
-.IBO -.un
-.o14 -,01.8
-.o14 -mm
~:~7 ::g

-.mo -.@35
-.M2 -.046

*

Centex
body

P
0.635
l.ols
1.U71
1.106
1.118
1.127
1.2.65
1.la4
1.142
1.160
1.1s9
l.lm
1.14s
l.lsl
1.la7
l.l?l
l.in
1.124
1.2m
1.262
1.8M
1 Am
law
1.466
1.466
1.426

1.004

center
td~

@

0.267
1.075
101.27
1.166
1.146
1.216
1.226
1.220
l.md
1.2-41
1.242
1.a4e
1.240
1.2!46
1.967
1.2S9
1.269
1.269
1.227
1.322

1 OWo
1.622
1.499
1.462
1,486
1.-

ls617

-k
124)0 87(P IY @

L.C91
1.161
lam
1.281
1.602
l.ma
1.661
1.649
1.659
1.66a
1.666
1.?.46
1.240
1.56s
1 .s70
1.s72
1.672
1 .s78
1.222
1.411
1.432
1.442
1,474
1 .4a7
1.5M
1.626

1 .66a

Oimmfarantlal Aiatrih

6ta- I Outer shell, external outer 4h011, Utemml Outer shell, utemd ] Outer nbellj external / Cuter *11, exte?OAl
tlon

e-. lee? 216’3 2=0 ~~o 1980 216° 2340 252° 1980 216° Ew 8620 ● 1920 2160 2s40 262° 128° Q15° 264Q 262’3

0,s 0.177 0.1176 0.172 0.161 0.100 0.047 0.022 0:066
14.0 -.016 -.@lo -.017 -.m7

o.fn4 o.ma O.om 4out -0.066 4
-.o19 -.2444 -.C%6 -.o14

067 -mm -f1076 -0.167 +Jaa -LU26 -0.206
-.@3Q -.a37 -.024 -.017 -.CSM -al -me -.a21 -.061

46.0 -.LX37 -.@s - .m7 -.028 -.029 - X436 -swa -.a?n
-.064 -.LM6 -.W4

-.a29 -.020 -.029 - .ma -.061 -.022 -.021 -.061 -.061 -.mo -.U1 - .ml

I
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T4EAE 111 - ~ MO 1-AL PE2S90BB WICE4T9 OF6.6(7A-120H MM-JET 0011FTOURATI061
mu mm 4Nm.E OF 417A2x - Cmtimlod

(.) Continued.- Breo-atmm hqb -r of 1:64.
,!

=@=

CM* *11 Otllm. cuter E4Mll

mtunal m&- b- Rt*rMl tOr-

1- lmd 6700 IT 00

1.5 1.M4
1.0 1 .W8
-.5 1.303
0 lava
.5 -0.351 -o.Asa 1.504 1.423

1.0 -.814 -ml 1.407 1.434
-.166 -.M9 1.4ea 1.466

M -.133 -.U4 1.482 1.430
8.5 -lx? -.la4 1.- 1.472
S.o -.0E4 -.103 1.460 1.474
4.0 . -.lW -.11s 1 .4ao 1.475
5.0 -.047 -.165 1.477 1.476
8.0 -.2a5 -X96 1.474 1.474
7.0 -.0s6 -.U39 1.475 1.475
8.0 -.046 -.(67 1.478 1.47a
9.U -.037 -.W9 1.477 1.470
0.0 -.047 -.OU 1 .4s0
1.0 -.@iv -,ma 1.400
S.o -.054 -.mi , 1 .W
;:: +,c.a9 -.m ‘i :‘1.436

-.aa --- l.dod
e.o -cm --- l.soa
1.0 -.U31 -.WE 1.328
4 ;0 -.o16 -.023 1.331
7.0 -.030 -.mo 1.624
1.4 -.om -ma 1.W?
5.0 -.066 -.04a
7.0 1.346
0.0 -AS1 -.m
5.0 -.0s1 -.m

Cj.mtmhrmt.lml dhtrlbut.icm or O.

ta- Outm Ebell, C.xtwaal Ontm. 6hell, cx6u.wl
ion

Cmtcr **U. external r Outer til, ●xtmnal ] Onta shell, extti I

+ U@ 2160 ~o ~dp 19aQ ~60 2340 232s leao *~~0 ~o .-o Ill@ 8M 0 ~o ~o ~~o ~~o ~o go

0,s -0.365 -o.4m -0.4C6 -0.416 0.W4 0.C49 0.079 0.113 -:0. -fl.g -0.wf -0.056 -0.U9 -0.0!43-0.071 -0.043 -0.176 -0.in -O,lse -0.114
4.0 -.(04 -.wf -.C447 -.CG?4 -.026 -cm -.mo -.LM3
S.o -.U31 -.ltal -ma -.wl

-.mcl -.W7 -.c@r -.ced -.m2
-:064

-.6S6
-.m -.U?9 -.CW3 -.ms

-.023 -.C04 -.CS4 -.mo
-.m -.CS4 -.Cud -.a46 -.md -Jxil -an -.(Q9 -.Ca9 -.03s -.ms
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W5LS III - ~ MD ISY%MAL P-UB3 COESFICE6TS OF s4!24E-- E4H-J6T COSPU30R4TIOS
mn mm AUQLEJ or mmx - oontimd

(L) ccdlt4nImd.- mO-d- m ai. Or 1.6a.
=32%S=

It-l
mlt4r Shel

mt61m41

t=t=-F-
L
-1.5
-1.0
-0.5
0
0.6 -0.me -0.149
1.0 -am -.lm
1.5 -.171 ::g~
8,0 -.146
8.5 -.laa -.oae
S.o - .lso -.0s8
4.0 - .laa -.om

-.190 - .W7
::: -.lca - .V/4
::: ::Jx# : J!&

0.0 -.MO -.MQ
10.0 -.mo -.046
11.0 -.lm -.04a
le.o +!’& -.041
14.0 -ma
16.0 -.0s6 -.ms
le.o -.Olv -ml
U1.o -.o19 -,M6
W.o -.OM -.WE
q:: +$& -.0s1

-m?
36,0 ..0s4 -.066
YI.o
40.0 -cm -.040
45.0 -.C4?S -.0s7

Senber
body

ltel-
lml

(7 e

1.117
1.170
1.s10
l.ml

,.mlcl 1.9WI
.ss4 1.a17
.,664 1.ss1
.,309 1.6ss
..s67 1,a46
.a67 1,atn
..36a 1,387
.aao 1.a69
..m 1.667
..671 1.66a
.S7a 1.am

1.674
1 .S7e
lam
1.3s3
1.41a
1.4sd
1.449
l,47a
1.4a6
l.alo
l.ssl

l.ma

Rtemlll )I&

1 1

.O.wd -0.s75 1.47a
-Jim -.aa 1.443
-ml -.lm 1,46s
-All -.lm 1.466
-ma -.lM 1.467
-.166 -.Om 1.466
-.160 -.190 1.4s7
-.146 -.om 1.466
-.lao -,oaa 1.4s4!
-.4W -.074 1.46s
-,070 -.LES 1.469
-.M6 -.m6 1.467
-,md -.C6S
-.045 -.048
-.0S6 -.C47
-.G?9 -,OSB
-,@6 -.wa
-.=0 -.om
:Al& -,C06

-Jl?a
-.m -Ass
-S61a -.037
-.064 -.0s6

XL&l_

bnbar
bod~

Oo

l.em
1.md3
1.sm
1.Sol
1,401
1.4m
1.446
1.4m
1.46s
1.466
1.4s8
1.4S3
1.46a
1.46a
1.46a
1.470
1.471
1.474
1.478
1.4Pa
1.4m
I,6C4
1.616
l.$as
1.6ss
1.637

l.ma

ittiiml dintrlbution OC O.

Cm4er sbtll Omtar mm mhall 00nter @lter shell
body tidy

&t0rn41 Inh&-- Sxternal Intm- Sztemd 10tcl-

lWO S7w LF N 10(9 f!7@ 00 @ lW a7@ d

1.ss7 O.mo
.760 .W3
.13e4 l.m
.ms 1.006

0.096 -0.174 0.494 .W-s -0.146 o.ora 0.019 .447 -o.
-.ms -.169 .6S9 .444
-.CSS

-.140 .ms .4SI .966 -.tal
-.118 .77a .7W -.lso ,0?0 l.aal .960 -.sm

-.@6 -.un .’/9s - Jw .ml 1.C4S .960
-.099 -.mo := .76a -.lao .M7 1.(M6 l.m ha
-am -.CSO A&l .766 -.lla .ml 1.S60 l,oaa -.1o4
-.116 -.C30 .7m - .lm -.(W l.ma 1.MO -.1s7
-.106 -ma .76a .746 -.117 -.LXM 1.C48 1.040 -.148
-.m -.057 .614 ,616 -.0D6 -.lxl 1.lM6 l.cm
-.CW -ml

-.116
.am .SCQ -.om -.ms 1.OM 1.046 -.036

-,068 -.061 .Ses .696 -.060 -.064 1.07a 1.07s
-.o46

-,CM
-.mz .6W .64W -me -.0d7 1.V7S ::%

-,0s8 -.M4
-,CC9

.6WJ -.oko -cm -mm 7
- .ae -,oas ,4a6 -.m -.cbse ;mlolo
-.C421 -.0s7

-.mn
,866 -.ms -.LM4

-Ale
-,mo

-,o66 -.ol? -me 1.147 -.W1a
-.016 -ma :%1 -.016 -.C66 l.sal -Jx o
-.o1o -.(W -,o11 -.css 1JW3 -.o14
-ml-l -.(W 1:% -.011 -.m4 1.s66 -.o14
-ml -.047 1.166 -.o11 -.046 1.4C6
-.LU6 -.OSI 1.-

-eel4
-.0L7 -cm 1.4SQ , -Jz31

-ml -.Ccd 1.&?4 -.cao -.06s 1.444
-ml

-.LW
-.o76 -.040 -.m4 -ma

lam , ,.,

-.Lab -.@ -.ms -.mo

-0.
-.

~

:%
-.ms
-.034
-.LM6
-.m’a
-.WS
-ma
-.W
-.077
-.oea
-.cen
-.C89
-.(x.6
-.&Is
-.06s
-.ms
-.061
-AM
-am
-.078

. .. . .

-.0191 -.C891 I I I I Crall.mal
-.IW -.om

-. -. -. -
CimumfWe.ntial dletrlbutlon of cp

bnter
body

L

sta- clitcr●hell, external Outol.dldl , C’2borrlcll
tlal

Ontar EhOll, eztemal titer lhell, external Outm St1611, atemal

6-. lS.6° 816° 2S4” am” 1460 elao as40 ‘4S# “ ~mo ald” m40 ~=o lea” aw 2S4Q *MO Iwo ~o ~a awe

0.6 -0.s?8 -0.asa -0.em -0.666 -0.447 -0.447 .o.44a -0.403 -0.o1o -0.06$ -0.cm -0.cm -0.166 -0.ma -0,V7Q -0.ma -::ag -::m: -0.!md -0.149
14.: -.sss -ma - .Cm -.W6 -.osa - ,C40 -.048 -.031 -.~6 -.069 -.C47 -.OM -.C6-7 -cm -.047 -.W -.om -.06s

#

I

P
KI
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TABLE III -Erm6n4L44nl UKE+64L PFOG3601W 00WICIEM’1% OF U &LIM W-JET uUPIOUMTIOH
mB IOOR AU- OP 4?fACK - Cont5nusd

[a) Coru.1.udad.- rroe-m- Moia -r of 1.60.
v

a . 10°s ■s./ao. 0.m4 I . : l@; ‘* . 0.660 I

La

enterI Mar Chela IoenterI
tituaiml6intributkm of c

outer till

hrrml Intu-

knt ● r
bcdr

Guter Bhell enter
bo6y

@

1.016
1.117
1.1%
1.119
1.040
1.W6
l,lm
l.l?s
1.170
1.1’47
1.Q1’a
1.8e7
1.226
1.W?
1.ema
1.!2s7
1.261
1.s78
l.fm
1.s26
1.am
1.544
1.428
1.466
1.4B0
1.4e6

1.612

matershell benter I

b“”t-=-
~Y

lba-
U1

“w e

0.7%7
.67s

:E
1.em .?40
.?s .421
..?56 .136
.’286 .12s
.762 .660
.6$s .7e4
.610 .7e4
.769 .732
.607 .604
.4m .mt
.6n .6T7
.C84 .674

.57s

.401

.B44

.715

.651

.950
l.mo
;.&l&

1:M5

&t rmle Rtemal I i
b*

ter-
al

‘@

O.ml
.lm
.146
.079
,046

.%%
-.ai4
-.079
-.oel
-.OM
-.wa
-.10s
-.lle
-lea
-.M4
-.lat
-.laa
-lea
-.106
-.IX5
-.ua
-.lm

-.U2
-.11o
—

1
w

l.em
1.4%s
l.aa
1.342
1 .me
1.4eo
1.4M
1.44a
1,461
1.455
1.46#
1.464
1,444
1.467
1.47e
1.474
1.476
1.478
1.44a
1,.4ea
l.om
1,607
1.6M
l.etm
1.664
1.641

Is@ M@ Iw I @ 00 16@ la7@ 1s00

0.647
-.476
..441
-.376
-.661
-.m4
-.ms
-.M4
-.179
-.11s
-.079
-.om
-.048
-.OW
-ma
-.016
-.ola
-.om
-.CK%
-.0U3
-.016
-.016
-.066

-.G2a
-.Ca6

‘@ v—

H
@
1.U1
1.i!m
1.2M
1.s17
1.34a
1.am
1.664
1.394
1.418
; A:

1:466
1.460
1.Un
1.444
1.444
1.444
1.440
1.4M
1.457
1.47s
1.4eo
1.6(M
Isle
1.0U6
l,oaa

.o.e43 0.1C6 0.7U
- .e59 .16a .ell
-.e46 .1o1 .erfc
- .Be9 .me 1.03E
- .&z “.ml l.m
-.401 .Me l.wi
- .Ma -.047 1.66(
-.154 -.070 1.!SX
-.104 -.m6 1.04s
-.076 -.om 1.C4C
- .W4 -.M2 l.m[
-.W1 -.lm 1.07(
-.040 -.1.1o
-.Cea -.lls
-ml ..124
-.OM -.lm
-.Ole -.141
-.CUI -.141
- .00+ -.126
-.W -.11o
-.m4 -.lla
-.OIA -.lle
-.004 -.lall

T
-1.s
-1.0
-0.6 .
0
0.5 -0.md -0.eae 1.46f
1.0 -.4W - .W4 1.451
1.5 -,3.54 -.140 1.461
0.0 - .em -.lls 1.4a!
8.5 -.843 - .Cae 1.46!
3.0 -.= -.oea 1.4C4
4.0 -.211 -.0!38 1.46$
6.0 -.106 - .lW 1.46t
6.0 -.lds -,004 1.464
7.0 -.lla -.006 1.46$
6.0 -,CQO -.W5 1.47j
0.0 -.CWO -.026 1,471

10.0 -.054 -.me
11.o :JU; -.W
Is.o -.064
14.0 -.Cm -.U76
ls.o -.021 -.07s
le.o -.015 -.066
E1.o -.016 -.ms
m.o -.016 -.065
m.o -ma -.M6
01.o -.CE30 -.040
a6.o -.054 -.076
07.0
40.0 -.om -.WN
4s.0 -cm -.Mo

0.006
.960

1.C06
.978
.E53
.6e4
.6e2
.B16
.m
.096

l.cm
l.me
1.W2
1.040
,1.m6
1.07s
1.076
1.0J6
l.lee
1.1!34
1.??45
1.266
1.346
1.a57
1.4s3
‘1.4m

1.464

bm of

-0.170
-.ac4
-.m
-.14Z
-.ltts
-la
-.177
- .Is6
-.094
--m
-.m
-.046
-.CW
-.W6
-.o14
-.o11
-All
-.006
-.W6
-.004
-.o13
-.o14
-.064

,0.2’45-0.042
- .am .U24
-.BW .0?0
-.267 .Mo
--- .Ole
-.2s4 -.036
-J?el - .mo
-.M4 -ml
-led -.W4
-.ms -.m4
-.W -.1o1
-.CE4? -.114
-.040 -.115
-.CC39 -.159
-.= -.1s-3
-.lns -:156
-.OU? -.146
-.m .-.149
-.cml - .1a9
-.CW -.IJ1
-.m4 -.114
-.o14 - All
- .ma -lea

0.318
- .le4
-.120
-.CW7
-.044
-.lno
-.040
-.Um
-.116
-.114
-.114
-.M7
-.laz
-.UW
-/146
-.164
-.lm
-.lse
-.145
-.114
-.117
-.114.
-.lao

.a87

.4ta

.418
,444
.451

:2
.469
.4a9
.Ue
.446
.444

1.445

1
1.m4

Ciz 4
1.M4

-.mo
-.mo

-.U.4
- Jlo

1 1 I

ta- 0nt6r shall, 5temal Out*r till. ●tiomnl
tkn t-

outer shell, exbemal
I

OUtm shell, ●xt,grnal Outer W, external I\---–
e+ 1960 =60 ~o ~~o 1* 4M0 ea4m w lW ~@ ~o -o 1s30 U@ 4s40 ee@ lWQ e160 we e16@

0.5 -0.4T0 -0.472 -0.461 -o.4m -.0.107 -0.166 -0.079 -o.Me -0.eet .o.e49 .0.165 .O.w -0.3’74.o.035 .0.
14.0 -an -.047 -me -.ula m -.m6 - .m.9

m -0.17s -o.4m -0.479 -o.4n -0.410

-.042 -AM ::
-.1545 -.m -.M7 -.oel 60 Ce4

-. -ma -me,
-.140 -.

-.076 -,04s
-.W4 -.094

-.WB -AU,
-A44 -.107 -.1%-?

-.ovil :%-7 ::044 -.0s9 -.WA -.0773

.

, ● m,

Vax. , ,;
r

,’, ,,, ,



, . u r 2(I34 a *

R
Out er tieU

Ecternal Inte-

n

B- “is@ 271W @

-1.6
.1.0
.0.5
0 II

1
OQ

0.460

:%%

1:%
.939
.E61
.aea
.910
.96a
.956
.915
.771.
.657
.76s
.W
.774
.687
,422
.E95

l.mo
1.167
1.892
1.391
1.465
1.497

?

Ienter Ooth nhell
body

Rt e+ InttiI-

lE@ Woo

1.330

0.M6 0.

I
.162 .1
.1OE .1
.u76 .07
.CM6 .

-:E -:01
-.om -.LW6
-.028 -em
-.021 -.M3
-ml -.c@l
-.d17 - .L121
-.Owl -mu?
,Om -.024
.Om .002

-.0C4 -.om
-,.cm -.OM

-.o11
-:E -.M6
-.0+39 -.OYI
-.@m -.m
-.028 -,033
-.a?e -.02s

-.ola -.W4

-ma -.004

l.lm
1.526
l.m
1.OM
1.105
1.LWO
1.C78
1.040
1,034
lam
1.(m4
1.W9

I 1 I

LocaltMlml dintributlon of L

anter outer she]
body

EItarnll

+ 18L+ a70Q

0.4E4
.600
.W1

1:= 0.178 0.1o1
1.UM .182 .124
1.o17 .092 .mo
.’492 .054 .061

yc& .Mi? .m’a
.C??6

I:M9 -% -.OM!
1,02B -.M4 -.031
,9B8 -.m4 -an

1.021 -.Wm -.028
l.md -.W6 -.m4
1.068 -,W1 -.0?4
1.C6B -.o1o -.caa
l.on ,Om ;:Xi&
l.lm
1.2W -:% -.034
1.s16 -.024 -.m4
1.s78 -.oaa -.CW
1.469 -.OCS -.00-9
~. -.UX ..ocm

-.007 -,m4
1,607 -.027 -.004

-.0W3 -.OM
1.644

-.OM -.ae
-,OM -.ae

;Icm I

1+ 19E0 ~~o *SO 23W ~~o =60 ~40 26B0

0.6 0.266 0.289 0.206 0.Q61 0,237 o.2ae o.me o.zaa
.4.0 - .Ooe -.OC$ -.mo .Oo1 ..o13 -.011
ll&g ,.mo

-tom -an
7.01.6 r.cclg -.Ole -.OM -.OIB -,ole -.oae

==l---
Omter
bcdr

m 8r-

1
00 w

0.466
.$o1
.U!4

1.17!3
1.811 1.133
1.ao3 l.~a
1.XL9 l.lm
lam 1.1s6
1.a14 1.lM
lam 1.M6
1.197 1.174
1.1B6 1.170
1.156 l.lol
1.169 1.165
I.me 1.101
l.m I.aol

1.192
1.1s9
1.8s8
1.316
1.678
1.4fz
1.487
1.648
l.m
1.6m

1.64*

1

Cuter till

+

ax’cErMl Intty
ml

1.2@ I??@ (Y

0,077 O:m; ps&l

.(X=3

.U6 , C4S6 l:aaa
,044 .C43 l.aad
.m7 JX?4 1.8aa
.o17 .OM 1..EM

-.C86 -.084 1%677
4Jg -,ma 1.467

-me 1.246
-.CE!7 -.mo 1.s61
-me -.m 1.a?o
-.m -.MQ 1.866
-:% dll:

-.CU? -.004
-me -,ma
-.-0 -.018
-.ocd -.016
-.m+s -.olo
-.m -.OIO
-.Ooa -.004
-.00E -.ccd
-.m -.CM

●nter
bcdy

outor hall

Rtaroal .Iuter-

lw W@ e

.O.ca -0.oaa 1.41C
.054 .028 1.41M
.02B ,Cwl 1.406
.0s0 .aa 1,4M
.O1o .Om 1.4041

-.W 1.4cr
.:% -.041 1.41x
-.W8 -.Q47 1.s93
- .04s -.046 1.s2s
.068 -.m7 1.s48

-.m4 -.ms 1.WE
-cm ::~e 1.39s
-.o17
-,K6? -,014
-.002 -.om
-,oao -.o1o
-.csa -,019
-.0s7 -.OM.
-.Cul -.OU
-cm -ml-l
-.0C2 -.W5
-.008 -.DX
-.mo -cm

knter
body

@

0.4s9
1.04s
l.asa
1.SZ36
1.317
1.341
1.302
1.3m2
1.W72
1.s7e
l.aaa
1,300
1 .6s3 “

::=

l:4c0
1.414
1.4s0
1,465
1.496
1.316
1,8FJ
1.680
1.6C4
i.617

1.660

Olrm tierential dinttibution O? C .

ltn-I tar sba . exterml~ Outkr ahen, axtumal Clltarsheu, aterlul Outer shell, ertornal

lIW a160 9340 am+ 1960 816° 2s40 man Jg.go -o ~o ~o

0.178 0.176 0.140 0.169 O.cm : Xl& :;7 O.ml -0.039 -0.039 -o.o14 -0.mo
-.017 -.OM -ma -.W -.o18 -.012 -.CC34 -,W2 -.019 -.OH
-. -. - -. -. -. -.Ole -.ola .,6M ..CQ8 -.019 -.019

.

I

I



-..

. .

(b] Cont4mwd. - Frem-atmai k .w.r os l.’m.

kmgltudiml dlstrib.tion of ~

Outs Silmll Iou,terl out., eiwll alter
btiy

lnt.ar

!!2w

—

@

1.634

.mo
,691
.341
.994
.846

%
.917
.940
.ZuO
.910
.787
.636
.s46
.a&t
.766
.678
.412
.2267
.8C6?
.966
,.lPa
,.M4
,.3!?3
.a7e

.4U?

bcdy
Rtemfi IntOr- Extel-d

113.Y 87$ F @ WY E-7oo

ml

00* lBCP

-1.6
-1.0
-0.5
n
0.5 -0.180
1.0 -.044
1.s -.m7
0.0 -.01s
8.6 -.U40
3.0 -.017
4,0 -.047
5.0 -.OM
0.0 -ml
;:: ~:::

Q.o -al
10.0 -.mn
11.0 -.CQ4
18.0 -.009
14.0 -.m3
L8,0 -Xe4
18.0 -.m
21.0 -.m,
24.0 -.OCC?
27.0 -.ooiz
51.0 -.m
56,0 -.om
57-0
boo -.ola
ia.o -.o16

1
&

0.7=
1.e64
1.316
1.566
1.418
1.449
1.466
1.461
1.477
1.4m
1.44m
1.490
1.4.97
1.491,
1.4!m ,
lam
l.ml
1.5W
1.616
1.6s.7
l.sm
1.671
1.593
1.613
1.669
1.6S4

IF’

0.U36
.065
.C@4

-:%
-.U?4
-.C61
-.W8
J.B3
-.051
-.044
-.Q?9
-.C2?0
-.Ma
- .Ols
-.C@7
-.Ct37
-.005
-.006
0
-.m’a
-.m
-.mo

0.196
.165
.106
.074
.04a

.:E
-.020
-.m6
- .m
-.CC20
- .ms
-.ms
-.Q39
- .Co.l
-.ols
- .Cm
.-.ml
-.CO.3
-.o18
-.ola
-.o11
-.m&

1.W4
1.030
1.C62
1.UM
l.lst
1.2M
l.lel
1.W
1.076
1.OW
1.la4
1.1s9

0.040
.610
.5$9

l.ola
1.047

l:W
1.CG9
1.066
1.073
1.WZ
l.mo
1.M9
l.m
1.134
1.144
1.146
1.170
1.212
1.s01
1.65A
1.SW
1.433
l.aal
1.667
1.6WI

-0.dn O.ced
.Ku

-:%! .W?4
-.mo .C62
-.md .ml
-.CS4 .017
-.M6 -.W6
-.m -.055
-.W.5 -ma
-.oal -.062
-.M6 -.m
-.cea -.026
-.Q9 -.010
-.C$?O -.ola
-.LB34 -,LU5
-.m4! -.OI.E
-ma -.W6
-.om -.a?3
-.M!6 -.oln
-.om -.ole
-.m -.011
-.m -.010
-.mo -.M6

0.364
.Zmo
.769

1.183
1.164
l.lm
1.1130
1.176
1.u14
1.s2?2
1.%8
1,200
1.243
1.B69
1.-

1.2!91
l.mt
1.61a
1.2S7
1.s
1.4al
1.46a
1.606
1.62s
1.616
1.600 1
-:::-0. ca

-.
-,(%4 -,W3

-.034 -.01
-.(ME -.om
-.037 -.om
-ml -.M
- .W3 -.M7
-.un -.C4
-,om -,04
-.064 -.04
-.036 -.039
-.m6 -mm
-.-7 -.oa
-.cmB -.oa
-ma -.023
-.OSO -.m
-.006 -.om
-.OX! -cm
-.OM -.C80
-.OM -.ola
-.o1o -.ola
-.WZ -.064

0.140
-.m6
-,mJ3
-.CeO
-,028 .
-.m7
-,056
-.007
-.034
-,M4
-.040
-.C37
-.026
-,012!
-.lnl
-.o13
-.G5?
-.Ole
-.ola
-.OU
-.036
-.033
-am

1.323
1.496
1.409
1.496
1.496
1.49s
1.496
1.49C
1.4m
1 .4e4
1.4%
1.496

1.361
1 .36!
1 .W4
1.4a:
l.asi
1.as[
1.aw
1.aw
1.*
J..6W
1.411
1A14

I

1.6371.651

-1

1.634

4.s4
GArotmterential dlatrlbuticm of Cp

9tr- Onter then, Uterlul owe dull , exterlml outer dial, sxtmllml rmbor ,ZLOu, U2mml
timl

Outs. *Q1l, C.rtmnnl

k K@ 0160 2!340 Wag lc@ 8160 Z!2u0 224W ~~o Z16° R640 -o 1980 ~60 -o # ~~o 216° mo mzzo

0.6 -0.146 -0.lm -9.144 -0.m 0.144 0.164 O.lm O.ma
14.0 -.0a4 -.m4 -.C430 -.016

0.0s9 o.. ::lmzf ::l& -0.2W O.o1o O.ms 0.060 -0.lla -0.102?-0.am -0.om
-.W4 -.U?/ -.010 -.m

p.o -,028 -ma -.ue -.018
-ma -.033 -.m -ma -.CE4

-.o19 -.ollz -.ms -.a
-.CE9 -.ms -.019 -.C24S

-.mo -.mo -.m4 -.CQ6 -.G4!0 -.-0 -cm -.W5 -ml -ml -.ms -.czd

-,
,.,—

.
Woz.——

i,

C*

,,
1’ 9 ,,



t 2034 &

ME6 ~1 - EXZ6TM4L AU! 16?6fWL PMS6U6E 00EWIC~S Or WA 8-IK6 BAM-JET COMF160R4~IOIt
mn mm Amu.m oP mmm - oontinti

(b) Mntl.imad. - Free-mtrem U& mmber of 1.70.

sta- n = 3% =6/=3. 0.446 a . q @rJ = 0.911
tlon

f

e+ law

-1.6 —
-1.0
-.5
0
.5 -0.604

1.0 -.106
1.5 -.146
S.o -.lal
8,6 -.lls
3.0 -,loa
4.0 -.113
6,o -.lm
.9.0 -ma
7.0 -.074
8.0 -.m6

-.C46
lVO -.054
11.o -.064
E.o -.095
14.0 -.040
16.0 -.W6
le.o -.OU
Au.o -ml
a4.o -.W3
a7.o -.ols
nl.o ‘..OM
66.0 -.064
67.0
40.0 -ml
40.0 -.019

,0.m l.mt

::1% +:3
-.W7 1.6a4
-.mo 1.667
-.045 I.m’i
-.fmY 1.664
-.C67 1.5M
-.C46 1..53(
-.mo 1.W4
-.061 1.%5
-,WB 1.W
-.CN6
-mow?
-.om
-.020
-.c0B
-ml
-.W4
-.W4
-.o17
-.m6
-.c07

3Et-

Ienter
hotly

#&

1:646
1.ss8
1.446
1.486
1.600
l.cm
l.om
1.6+30
1.6s9
l.ml
l.ml

H%
1.461
1.M9
1.8%
1.m9
1.671
l.oal
1.s90
l.oca
1,816
1.68S
1.060

1.63T

inter shell

7F-
Bxtmmal IntOr-

18@ !?@ @

0.015 0:44; 0.666
- .Om .716

-.aJo .lao .910
-.W7 .Oao ,s1
-.057 .031 ,aal
-ma .048
-.m -.o11 :%
-.om -cm .Wa
-.C’19 -.m .768
-.CW -.W .640
-.040 -ma .017
-.mo -.M1 .am
-.CW -.WA
-.061 -.031
-.cc.a -am
-.064 -.0+6
-.m -,ma
-.OM -.056
-.dm -.041
-ml -.04s
-ma -.W6
-.00? -ma
-ml -.OW .

Gzz.
bcd~

T

~g

.664
,644
.9al
.46s
.6S7
.Wa
.916
.M6
,056
.em
.761
.656
.am
..%54
.744
.Edl
,40a
.am
,7m
.946

1.067
1.166
1.865
1.s1s!

1.354

a ● 80, +w =0

Gltudinal diatrlbutl

OuWr Shell

S
-mod Intw

lmo ‘4@ CW

.O.m
-.W4

-.060

-,cdo
-.070
-,0-/9

-,ma
- .m7

-,C6)4

-.051
-.046
-.U3D
-X4+7
-.m4
-.m4
-.ccd
-.03.0
-,W4
-.OM
-.ca
-.mv
-mom
-,0s8

o:sJl

.118

.ml

.ma

-%
-mom
-.039
-.067
-.04a
-.044
-mm
-.W6
-.041
-.04B
-.
-.-z
-.044
-.ota
-.CW
-.M!S
-.060

0.s3
1.6A(
l.rn
1.C%
1.111
l.il(
1.lK
l.m
1.0s
l.m
1,141
1,1E4

-.018 -.MQ

-.M6 -.06a

clrotrm%.ential diatrlbl

169 0 = 6% w% = 0.704 a = 60J =+0 ■ 0.649

,~ %

hnter Cuber shell
~J

Extemti Inter

w 18(P a7c@ 00

o.6i6
.ea@
.666
.W9
.ms -0.116 0.102 1.IS6
.am --- .lW l.las
.m -.m6 .m6 lam

-,ms .06a 1.a40
l:H -.UM .md l.aoo
1.U16 -ma .ml l,ma
1.m4 +% -.mo 1.666
1.C46 -.MO I.am
1.077 -ml -.046 l,am
1.1o1 -.066 -.04s 1.266
1.14e -.M9 -.M6 l,aoo
1,104 +& ::&6 l,a94
1,164
1,166 -.030 -.c07
l.ma -,m9 -.046
1.%J4 -cm -.oal
1.660 -ma -.CW
l.ma ::~ -.&6
1.45a -.046
1.6C6 -.m4 -.047
1.647 -.o1o -ma
1.6%% -.003 -.W4

-.m6 -.690
1.6E3

-.ola -,ml
-.OM -.061

Onorc.

a~nter
b-

w
——
0.6U3
.Om

l.mo
1.161
1.196
l.lm
1.lsa
1.160
1.206
1.806
1.s4.9
1.257
lam
1.s337
I.am
lam
l.m
1.519
1.s41
l,mo
1 .4a9
1,400
l.sm
1.6d6
1,684
1.W4

1.6ao

1
M@

0.196
-.144
-lea
-.119
-.lla
-.111
-.la4
-.lle
-.101
-,074
-.003
-.Ma
-,045
.,041
-.041
-.040
-.140
-.Om
-.W7
-.m4
-.o11
-ma
-.CS3

-.oia
-.01S

o.

1
1.WE

. 1.6S9

.ma 1.350

.ma 1.566

.016 1.577

.m 1.570
-.CW 1.6e4
-ma 1.696
-.066 law
-.M6 1.393
-.W2 1.410
-.W4 1.413
- .04a
-.043
-.049
- .OH
-.mA
-.om
-.048
-.OM
-.03a
-.W4
-ml

%

Oenta
bmly

7

1.e14
1.165
1.846
1.X4
1.968
lam
1.6W
l.SAl
1.346
l.nwl
1.977
1.666
1.644
1.896
1.41A
1.41a
1.44a
1.462
1.444
1.476
:.%

1:648
1.674
1.6s6
1.Om

l.ms

I
6t C-nt!!r Oholl, Utorml I Ontm *M, Cuternd.,!: IOu* shell, external I Outer sbalL, cxbal.od I Outex hell, axtemid

l--

e-+ ~~o ~60 *O ~~o low fl~o ~o ~~o ~f@O ~~o ~a *MO ~Qyl -o ~o =~o Iwo *CO ~o g@O

0.6 -0.6U7 .o.ae4 -6 .a67 -0.am
40.0 -.043 -.046 - .m6 -.W4

0.W6 O.mo 0.1A6 o.17B -::m 0.W5 0.!361 o.117 -0,104 -0.om -0.007 O.om -0.laa -0.164 -0.1R6 -0.076

4s.0
-,059 -.047 -.M9 ..OM -.M6

-ma -.m ..m6 -.Ua7
-ma -.066 -.044 -ml -.o16 -ma -.046

-mm -cm?! -.CS6 -.046 -.m -.W6 -.LE16 -.046 -.m4 -.CCW -.W6 -,o46
-.om -.o14 -.061

-.m4 -cm -ma -,066



MEm ILI -)XTmu4L A2nlm2EwLL PltitW~” COWFICT3M’12 OF HAM 8-122H FW-~ C0BFIWR4TIOH
mR mm ~ OF A’RAOK - Cm6imud

(b] Cmmluded. - Hree-mtrmm HSOh @e, of 1.79.
T

E
outer shell

mmrrlal ● r-

nal

* 1600 27@ “@

I

1’

!Gater

W4r

,@

1,Z78

L.s6E
1.676
L.420
1.466
1.602
1.6z0
1.62s
1.635
1.541
1.5E0
L666
1.5s5
1.2-90
1.565
1.571
1.s74
1.677
1.561
l.m4-
1.627
1.604
l.ms
l.ml
1.022
1.6a3

1.662

0.8 ‘0.64’4 -0.s44 0.s31 -0.2W

-ml -.mo -.018 -.073
-.026 -.COO -.M6 -.m

,
-,

,1 .

I

Longitudinal ai,ti.ibutj

mltar nhdl “Ioentarl outer till

0.7-26
.217
.801
.7QB

.O.L40 0.296 0.446 .647 -~:cl~
-.120 .194 .623 .627
-.190 .142 .478 ,267 -.166
-.lm .Ow .9CM ,.6CS -.149
-.M7 .mb .991 .Wa -.142
-.137 .04s 1,W7 .676 -.142
-.147 -.OI.5 1.018 .Wa
-.123 -.257 .986 .,23 X
-.078 - .W1 .964 .962 -.025
-.C64 -.W3 .996 .946 -.072
-.263 -.661 l.mo 1.261 -.m$
-.C66 -.W l.mz ;.g -cm
-.048 .,CE-9 - .ma
-.C41 -.U70 l:lSA -.047
-.CW -.mo 1.167 -.042
4.ml .-.lcn I 1.262 , ‘-.O1
-.024 -.U8 I.am - .W7
.Cm4 :J& 1.s44 - .Cm
.ml 1.s67 - .m2
.006 -.lls 1.447

0. -.lm 1.462 - :E
-.W4 1.a19 - .m2

-:%% -.1C2J -.c4i2
1.661

-.o1o -.10s -.o12
-.014 -.101 -.ols

o:y17 d,lw

.92(

.ua 1.0s’

.Wo 1,10

.0018 1.14!

.Cs2 1,16.
-.025 1.1’/
-.M3 1.171
-,ms 1.17(
-.m 1.10,
-.W5 1.m
- .U70I l.’m
- .07s
- .Cm
-.295
~ J& ;

-.I.M
- .lm
-.lls
-.loa,
-.wa
- .lcO

*
{

Ci?kerentlal dlatribu

Ontar

bodr

o“

0.722
.816
.Sm

1.W4
.92s
‘.824
.978

1.012
l.ceo
1.112
1.140
1.166
1.164
1.122
1.68s
1.2.57
1.270
1.291
1.s7
; +5s;

1.466
1..474
1.5U
I.sm
1.606

1.6W

mar

Ontor Bh411> ●xtm’nal CutOr abcll, cxterrml

lWO

0.129
-.026
*

,

~

O,ml 0.:; :pg -o.170.-o.l.m -o.Ma -o.m6

Gnter ●MJ1l

Zxtm-ml I.*

1800 moo . 00

i

0.246
-.W6
-.ZZ9
-.81s
-.814
-.W6
-.122
-.174
-.12s
-.066
-.078
-.027
-.om
-,om
-.M5
-,.
-.’002
-.om
-.m4
.(X3I

-:Z
-.034’

&me 1.W
X47 1.16
W/o 1.21
.M2 1.24
.236 1.27
.017 1.27
.W.4 1.29

-.061 1.%3
-.083 1.24
-.066 1.29
-ma .1.60
-.078 1.22
-.G20
-.OW .
-.099
-.111
‘-.126
-.13s
-.136
-.123
-.113
-me
-.111‘

mtor
body

7

0,774
I!.017
1.144
1.1*
1.116
l.lfa
1.161
1.161
1.22s
L,253
l.m
1.291
1.2M
1.295
1.505
1 .Sol
1.296
1 .X4
1.=0

i:%
1 .4W
1.494
1.662
1.659
1.57s

1.6w

>

Outer 8bll, extamal I
mm Ch911, Utmnd

~

.0.240 -o.zlb -0.161 -0.@3 -0.647 -O.- -0.204 -0.259

,



. *B
%

TA2LEIII-3m4W6LA6D IHIEWAL PRE6SOE4 -IC~ OF M24 13-IWH RAU-J’H 00WF16064TIOH
K12 mm A61EJL9OF AHA2K - Canthu.ed

(o) Frae-nbrmnm Haa6 ~ of 1.’79with model rotitod W@. ~ . .

lta-
n=@; *.o. e16

._.

,-
a ■ N; a#~ = 0.870 a=@; m~=O.W3 !l. @;*. o,661

I
a.@; ~.o.4m

Lmaltwllnal tistribnti.alor on.

1
1.s
1.0
0.5
0
0.5 Owl
1.0 .1s9
1.5 .118
8.0 :%
2.5
a.o ,M4
4.0 .me
S,o -,016
6.o -was
7.0
8.0 -tall
9.0 .Om
0.0
1.0 -,*
8.0 -cm+
4.0 -.OM
6.o -ml
e.o .003
1.0
4.0 :E
7.0 .W3
1.0 .OM
6.0 .IR6
7.0
0.0 -.OW
8.0 -.ola

-t

S(w lW

1.052
0.900 l.me
.141 1.M?+
.lm l.m
,(7?6 1.048
.060 1.W3
.IXLs l.an

-.000 .WE
-.Olb .70i
-.UJ9 ,674
-.ole .eae
-.C4J7 .06c
-.om
-.024
-.002
,Om

:%
.Om
.017
.(E6
.C$!9

-.oo1

*

led @ w’ IJm

0.480
.040
.636

1:= O.als 1.171
.mo .166 0.176 1.164
.e47 .1s .Aee 1.161
.ee4 .cm .Oel l.m
.e64 .CW .Cs4 l,lm
.976 .047 .Oal 1.101
.066 -.004 -.m 1.15
.mo -.U?l -.m5 1.111
.767 -.o1o -.ceo 1.00
.677 -.018 l,OQ
.Wa -ml -.015 1 .1$!,
.WO .m -,010 1.11
.7e41 -,009
.642 -.OLW :X&
.484 -.004
.707 -,024 0

1.o13 -.ooe o
1.160 .Wa .Om
l.em .003 0
1.24+3 .O1o Xl&
1.4=
1.477 :% .029

-.MJ7 -mom
1.611

-.om -.CG7
-.OIB -.W7

0.4’40 o:4g
.640

1.057
1:% 1.EW
l.leo 0.121
l.om

1.604 1.M.7
;lWK 0.1s6 l.mw l.md

1.W .Ow 1.360 1.e43
1,074 .037 .Q?o 1.s02 l.em
1.lL% .m.? .04!3 1.3oe 1.639
1.116 .m$! .mo 1.2B9 1 se
1.113 -.o16 -.011 1,895 1.s70
1.111 -JMo -.WX 1.277 1.476

-.Lt36 -.024 1.263 1.262
N% -.OI.7 l.q? 1.s68
1.166 -.m3 -.olQ 1.2B4 1.265
l,lea .Ooe -.o14 1.277 1.066
1.115 -.WO l.sEa
1.140 -.o1o -.010 1.WI
1,104 -.o1o -ma lam
1.%91 -.033 0 1 .aas
1.351 -:g o 1Al
1.405 .C91 1.468

.m o l.oel
W .Om .W4 1.668
1.660 ;% l.aca
1.62s :%! 1.426

-,016 -.oo1
I.ma 1.W4

-,ooa -.o11
-ml -.m

Ciwmmferential distritutim of

tm- 1 Outer ti, @ornal I titer *all, axtemal I OntarShall,●rterml
lWI
- ~o 300 640 760 l@ eelo 640 720 l~o MO Ho 7go

0.6 0.675 o,ae3 O.ern 0,27.9 O.ma a,ea4 0.%?6 0.621 0.1s7 0.169 0.;: g.~a
4.0 -.OM -.(XX -.CEM .Om -.006 -.020 -.002 .Om -.ow -me

-. - -.ole -,012 -ala ..o1o -ma -mole -.ao -.ao -.(U1 -tom

.O.cm
.aae
.ml

- :%!
.m4

-.md
-.041
-ma

- .m.l

.Cal

-.M.6
-.0A5
-.0A4
-.WJ
-ml

$&

.:F6

-.OW

-ala

I

1.4$2
0.C60 1.44?I
.Wa 1.444
.Uz-/ 1.446
.016 I.aw
.O1o l.us

-m? 1.443
-.064 1.4e6
-.m4 1.4M
-.aw 1,4BQ
-.M7 1.440
-.020 1,4W
-.CU5
-.OM
-.OAU
-.MT
-.om
-,ma
-.003
.Om

;~o

2&l-

Ih-ltm Outesmall ICentar
bed, b-

Rt*?nal ‘lntm--

160’J P 900 larf’ led

o.4Ga 1.a6a
1.lM 1.330
1.264 law
1,323 1.464
1.3s6 -0.251 lam 1.6e4
103W -.120 -0.119 1.6w l.adl
1.4oe -.066 -.076 1.5s1 1.675
1.4o1 -.M4 .,037 l.ael l.em
;.::: ..mo -,040 l.aas lam

-,M6 -,WO l.sal 1.566
1:498 -.W6 -.051 1.591 1.666
1.424 -.(IS6 -am 1.66E l,aaa
1.4a8 -,004 -.M4 1.566 1.36E
1,431 -.042 I.seo 1.569
1.*1 -.044 -.MO 1.691 1.64U ‘
1.443 -,me -ma 1.029 l.see
1.444 -.c?m l.om,
1.406 -ma -,cm 1.6W
1.46s -ma -.UAO l.dol
1.502 -.W -.018 1.6U
1.s27 -.016 -,W? 1.6aA
1,M9 -.M7 -cm 1.226
l.ma -.OM -.W6 1.640
1.6a3 .m -am 1,661
1.531 -.m -.col 1.564
1.643 .Om .Cm 1.670

-.o16
1.W2

-.010

-.mo -.o1o
-.ms -.mo

outer dull,utaml Outnr SbOll, axtarmal

~~o S6° 340 w 14P O@ 540 T@

.o.@6 -0.ma -0.cr?l-0.C84 -o,e49 -0.44s -o.fMo -0.441
-.OM -.OM -.OM -.m -.mn -.cee -.(X4 -.OM
~-.Olo - 01.0 -.ma -.OAa -s - ,OJ.e -.ms -.

..”



.

m6mlII- imroTALAbDImFJiALPEeMoEa coaFFIcrim3 OF EAoA 6-ImJ RAY-m w6FmoRATIon
~ FOOFi~ OF A’15!AOK- Cmttti

(c) Continwd- - FrOa-stm Umh mmt-er of 1.79 Wittlmdsl I.Otataslmo.

8tm- a . SO* ~~ = o.414 a * so; %J-o* O,me a 8 30; ~w ■ 0.766
t.lan

cltmdkal dimtrltmtion or

l--==-

-1.0
-0.5
0
0.6 o.4.n
1.0 .276
1.6 .Sm
Z.o ,las
P,.6 ,lm
8.0 .llT
4.0 .m4
5,0 .U441
6.o .ma
7.0
8.0 .016
9.0 .m

10.0
lJ..O
Is.o :Fo
14.0 .o17
M.a ale
18.0 .016
al.o .~6
84.0 .Cao
27.0 A&
81,0
66.0 -.o1o
S7.O
40,0 -.om
46.0 -.m

.,
1.16Z

D.1E6 1.11(
.la 1.C64
.1G4 1.07:
.W6 l.mu
.mo l.ml
.Cu7 l.@t
-.010 .!W
-,Ols .7M
-.mo .401
..M8 .e.sl
-.Wlo .87+
-.o1o
..o1o
-,ma
-.om
-.Ow
-.om
-.om
..-.
-.wl

-:%

latter I

-7

lBd
0.421
.466
.*8B
,849

1.1R3
l.ma
l.cm

I:w
1.W4
.W7Q
.S4e
.747
.476
.eaa
.Om
.790
.6m
.A41
.7M

1*OM
l.lm
1.aM
1.S46
1.449
1.476

l.ao

L

Ontei. chll Ccntar
bcdr

~ Imtm-

C@ 60’J led lW

0.4!42
.467
.460

l.om
0.360 1.%79 1.193
.4!66 0.176 l.eu 1.176
:lg .145. 1.ma 1.169

.wa~ 1.2M 1.164
.098 .COs, 1.*17 1.16s
.lcO ,0!4 1.1* 1.16s
.04B -.Om 1.179 1.146
.UM -.bla 1.141 1.166
.Ols -.mo 1 ,1C6 1.10s

-.OM 1.104 1.lM
.ma -.mo’ 1.lE& 1.l!46
.59 -ma 1.047. 1.102

- .OM 1.076
.Olv -.015 1.100
.Ola” ..OJ1 ~~ , 1.167
.o14’ -.007 l.wl
Jrl: -.Om 1.464

-.0J7 1 J67
.ms -.ooa 1.476
,01* -an 1.641
.OM -.om l,6&4
.OM .Wd 1.616

-.014 - .Ow
1.650

-.m -a?
-cm -.OM

cti

Sa-1 Ontm W, a-=ral I L-mtm?w. ~
tial

e I@ 840 640 720 ~.goI so Ho j ,#

0.6 o:~B O.am Lxdl U& 0.667 0.845 o.a15 0.264
J4.O .084 ml .Cm -.024 .CKm

.

@

0.276
.2aa
.170
.136
.m4
.W6
.m7
.o16
.O11

.Ooe

.064

.m4

.012

:%

J

%
.m
.mo

-.m4

-.m
-.@

tierenl

=

Cmter shell

b%:

mxtornal tar-

W lBCY I@

0.417

l%
1.242

1.469 1.868
Mm 1.6-44 1.4’75
.097 1 .s32 1J376
.072. 1.6s7 1.ma
.MO 1.= 1.e7e
.a3a 1.au l.ael
..o11 l.aoa 1.8/6
,.oaa 1.878” 1.6$74
..Oaa 1.454 1.264
..ual lam 1.M6
,.W law 1.2s9
..M9 1.s26 1,245
..m6 1.261
..ole 1 .a44
..ms 1.S76
..o11 1.6461
..ml 1.4m :
..WP 1.4471
..am 1.511 ~
..0C6 1.4401
..W4 1.6s6
.m 1.617 /
..009

1.640,
..m9
..018

al dbtrlbnt40n or

& . #; w% = O.iw I a . ~o, & = o.oe4

)

. 0nt4rmhell -

II
O.oa 1.5s
,Om -o.mo 1.66
.042 -.o11 1..%3
.ma -.om. 1.52
,mo -.mo l.aB
.M1 -.o1o l.Ea
.OoJ? -.om 1.WJ

-.02-7 -.047 l.sl
-.om -.046 1.s0

-,039 1.60
-.Om -.039 1.60
.C@ -.csa 1.4*

-.osa
.Ooa -ma

,001” -:%.
-.W4 -.Inm
.W4 -.tX6,

-.016
:E -.mo

-:%
:E

-.OM -.o1o

Cater

I

~

0.642

1.fJ4a

1.326

1.s’26
1.4m
1.4tw
1.601
1.407
1.609
1.W6
l.m
l,all
1.s(0
1.6m
1.504
l.m
1.496
1.494
1.60E
1.664
1.465
1.876
1.6U
l.ew
1.64S
1.449

1.444

outer shell Centw

WY
Rtunal lilt*F

@ I?@ 1600 M@

l.ma
l.aM
1.863
1.469

0.121 1,625 1.661
-:m& -o.114 1.602 1.670

-.un 1.6@5 1.*
.Cm -.U4 1.6W 1.5=

-.046 1.6C0 1.ES?
-.-0 1.627 1.690

-.010 -.06!7 1.694 1.6130
-.041 -.C64 1.640 1.06a
-.m9 -cm 1,066 1.666

-m” l.sas 1.446
-:m~ ..046 1.626 1,664

-.m l.aea :.S&l
-ma

-.wm -.064 l:wf4
-.om -.m

7
1.W4

-.om -.= lam
-.Om -.C44 l.m
.m ..me l.ma
.Oca -.o19 1.640
mm -.ms 1.64a
.006 -:&o 1.6W

1.464
-% -al

1.666
-. - .W!o
-. -

htar abell, extmaul
I

Cmt8c ad, 9xternd hter till, e7terla

l.+ ?# a4~ & 180 Wlo O@ 7W Iw 640 O@ 720

0.X.4 O.em 0.2JQ 0.173 -0.oo1 -0.ma -0.066 .0.076 .I).lm .0J65 -o.laa .O.u
.037 .0cr4 --- -ma -.om -.WI -.m4 -.o11 -.C4S - .ml -.Om -.m4

-.W41 -.fnl -.m6 -.cel ..mo -.W -m? -.010 -ml -.o14 - .Om -.a?I1

e,
,., : ,,, ,,

.,. , ,. ,1”.

1‘

I
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.

TAEW III - W2EUEAL Am IITSRUAL PRBs.?mE ~CDE?S OF EAOA a-~ EAH-JiU 00IIFIOORATIOM
mR mcm Anus or mmm - aontdnuod

[.) Ua!Mnwd. - Frm-atrsu MMh nmbrr of 1.W with mdol rotnt+d 16@.

atm- a = (@; = O.ml a . WJ; 8A ■ O.MQ
tiar.

a . 60* & ■ 0.?06
1

a ● 60; = 0.s5+
I

a 8 lpJ
%%

= 0.860
1,----

I Lmwmudw di.trlbutionor ~

titer Ehell Centu. Gltor till , OentOr
body b~

fibel!ual llntel- Ikterml b91-

l.wl

Omtei- shell

%temal

w

0.4W
.ml
.247
.21s
.E41
.163
.m
.Oes
.C67

.“046

.W?o,

.0!8

.044

.CW1

.ml

.ma

.COo
,ma
.Cm3

-:2

9fF

O.lla
.ml
.U?l

:%
-.Old
-.mfl
-.CC41
-ma

j

-ma
-.!XW
-.cOa
-.041
-.041
-.M1
-.ota
-.041
-.041
-.md
-.E4Z!
-.017
-ma

-.M4
-.W

●l dt,

nt&-

iii=

1.449
1.410
1.s90
1.37-/
1.*9
l.sda
lJKW
l.aca
1.270
l.eda
l.eoa
1.BM

k?ibut:

axtu

1.600
1.M5
1.646
l.ddil
1.665
1.E4M
l.&?o
l.m
1.4!3b
1.403
1.4tll
1.4da

CentU

b~

Ml@

O.w
l.all
1.6E1
1.400
1.4.s4
l.sm
1.516
1.s09
1.615
1.o16
1.610
l.dm
1.4UE
1.4aQ
1.4al
;.:%

1:467
I.*7I
1.6CS
1.6s3
l.dM
l,d’m
1.6$il
l.daa
1.d44

1.666

outer sell I CEntcl.1

0.W7
.100 -0.114
.I.la -.vn
.113 -.049
.mo -.M1
,CW -.CS4
.(MO -;od9
.mo -.0s1
.CW -.md

-.dm
.OE1 -ml
.063 -.lma

-.cdd
.m -ma
.m -.om
.@ -.md
.Oal -.0s6
.U31 -ml
.Qlo -.M7
.m -.CW
.Ola -.mo
.018 -.019

-.WrJ -ml

*

w
Inter-

IeoQ M@

I.m
l.sm
I.sed
1.408

1.a4a l.sdl
1.69s l.dao
I.aal 1.WI
1.810 l.m’l
1.61A 1.4&?
1.610 l.msl
1.6M l.daa
1.647 1.6W
1.59E 1.590
1.W 1,667
l.oaa l.oao
1.6?3 1.0?4

1.660
l.oda
1.660
l.md
1.644

l.dla
I.dm
1.M6
l.wd
,1.dm

ll.M’I
I

,
U Cmta. shell, .sxttrml

I
outerahdl, mtemal

.,



rsts-
Uon

r

[

1.6
1.0
0.s

:.6
1.0
1.6
a.o
e.s
S.o
4.0
6.0
6.0
7.0
8.0
9.0

10.0
11.0
la.o
14a
6.0

10.0
al.o

87:!
=.0
66.0
67.0
40.0
46.0

ZABLB 111 -EmaPm4L4no mmm.E4L -SURE COE=PI~ or RAW 8-IWE FLW-JI?IWBEI_TIOH
mR 70m Ll= OF MTAOX - C+nthund

(o) Ccaelti.d. - 7rec-atmmE Mob nnmbm of 1.79 sith model motakl I@.
v

outer mrdl

.Im

.116

.104

.Wa

.081

.Ow

. W6

.0?8

:E

:=

1.W4
O.aa 1.104
.lal l.lal
.U 1.WI
.Ow 1.(W
.060 1.CW

-.Ooa lJX
-Owa .Cm
-.Wa .V’n
-.C44 .aal
-.066 .W
-.063 .W1
- .C69
-.077
-.Wa
-.OW
-.106
-.U9
-.190
-.11o
-.m
-.070
-.C4S

&!-kEL-

Bmtws
b-U

3
O.wa
.s14
ala
.747
.W6

l.laa
1.lw
1.CW
l.ola
.wa
.aaa
.Wa
.7m
.868
.640
.mb
.784
.Wa
.4ss!
.47a
.464

l.oal
law
1.684
law
1.486

1.467

oak? Sbdl Mter

ktmanl

0.646
.476 0.184
.s74 .lw
.aw .0a6
.W4 .064
.846 .M5
.168 -.Ola
.144 -.064
.laa -.046

-.wl
.106 -.oal
.M6 -.06s

..074
.loa -.wl
.lao -.OW
.Oao -.044
.041 -.105
.m6 -.lla
,078 -.lw
.072 -.ua
,Ow -.100
.053 -.070
.Ow -..3ss :

nt er-

lad le

o:~o

.646

.wa
1.877 l.mia
1.845 1.144
1.684 l.alo
1.s61 l~a
I.SW 1.a4a
l.oaa law
1.610 1 .64W
1.w4 l.aaa
lam I .aw
1.187 1.Xn
l.lm 1.1?4
1.W8 pll

l:wa
1.110
1.466
l.als
1.W6
1.470
1.W6
1.076
1.646

-1_
l.aaa

Cil

Sta- 1 Omt+r Mmll, wtarml I Cntm Shell, extumal

EEE
Mm)

e-+ lBO MO

0.5 0.666 O.ala
14.0 .OA .045
U.o .Olb -.016

I’*

5EEE

c,

7
@
1.44s

.W4

.Sao

.W?a

ala
.Wa

.laa
J%

.&
,114

.Om

.Ow

.Ow

.074

.c6a

.046

.Wd

.067

.Wa

.040

.Oaa

.Wa

ham l.aaf
.W4 -0.1o1 1.664
.=0 -.W6 1.66s
.m -.069 1.484
.184 -.wl 1.61!
.196 -.WO 1.4M

-.W4 1.4C4
.la6 “-.m7 1.64(
.06a -.m4 1.STI

-.W4 1.W4
.Wa -.OW 1.664
.lv? ::~ 1.aal

.Ow -.C48
●WO - .lm
.074 -.110
.m7 -Jao
.M3 -J%?
.M2 -.lm
.Ima - J%?
.M - .1=
.W4 ~ -.078
.mo -.Ow

Gate
bu47

IWO

1.W9
1.-
l.aaa
1.4W
1.W7
1.6W
l.ala
1.610
1.4W
1.6W
1.086
1.640
1.076
1.666
1.W4
1.640
1.684
1.aw
1.6s7
1.W6
1.a7a
1.W4
1 .W6
1.W6
l.wa
1.Wa

1.603

—

‘(war W. .tcmal I cub4r *U* cxtaa41

w S@ MO ‘w ~~o ~~o MO no

3:4g o:= &~ 0.C46 O,laa o:Jl& O.olfl-0.lac
-.064 .068 -.oal -.W6

.MS -.ola -.wa -.047 .Ma -.om , -.-9 -.097

,,

I
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TAOIZ~I—~ ~ 1~ P~ 003FFICI161R9 OF HACA E-IWM B414-= c0~13UMFIOM
rgrl mm K401m or AT!tACX- Conttid
(d) me-strsu Y,nh number of 1.99.

sta-
tion

a.@; *=l.w I
a.oo, +.o.wa

I
a.@; &=o.a66 ,t.4Q’&.o.77a-

1 ==OO1+*. O.669

k==-
7——
O::A

.4a6

.4al

.aa6

.Sw

.467

,Ow
.4s6

.460

.ml

.dls

.Wa

.07s

.489

.47a

.764

.am

. sol
1 .lW
l,wll
1.674
1.496
;.o&

1:600

l.ml

Im@*ud4nal distribubna

Oabes ddl Oalter Onta ddl
be.d~

~ llntOr- mternal IIn4e

16@

o:?;

:E
.0a6

:%%
-.006
-.mo
-.OW
-.010
-.4C9
-.OW
-.wl
o
.Ow
,003
.007
.OII
.OM

-.mo

J%

-.014

*

Ml
!&@ @’ @ lECP

0.444

.4W

:&i

0.666 1.146 1.604 O.am
.176 1.1.54 1.14a .140
.119 l.lw l.lw .104
.Wo 1JJY6 1.OW .m
.Ws l.lao 1.144 ,056
.044 1.176 1.169 ,OIa
Am a.170 1.176 0

- .Ow 1.164 l.lm -.ma
- .Ow 1.la4 1.141 -.M6
-,007 l.ldo 1Joe -,010
-.Ow 1.1= 1.am -.m6
::JJ& l.lm 1,144 -ma

1J60 -.mo
-.W4 l.QIE -.W6
-.004 1.649 -.OW
o 1.661 0
-.m 1.461 .0
.Om 1.4W .Ow
.CW 1.666
.m6 1.660 :%

1.67e -ml
.:%?! 1.707 .Om
-.oeo - JXb7

1.744
-Ala -.m4
-.OU -.004

me-moot

0.140 1.W7
,146 1.6W
.lcd 1.647
.074 1.660
.Om 1.W7
.Wa 1.WO

-.m 1.W7
-.m4 1AM
-.ma 1 .s48
-.012 1 ,6W
-.m4 lam
-.017 1.W6
-.Ow
-.om
-.OW
-.OW
-.W4
-Ac47
.03s
.ml

0

J_-
-.m
-.ceo

-.OM
-. a

ml dlstr:b.lw

* %
knt m mm shall Omter htor Uteu
b- bmlw

I I&and

Oo ~,@

0.444
.4-
.511

1.170
1.WS O.lWI
1,867 .1-
1.W4 .Om
1.247 .C61
1,W4 .Ms
1.8W .Caa
1.604 -mm
1 .alo -,018
I.am -,mo
1.606 -.o14
1.660 -.010
1.6446 -,o17
1.Sao -.016
p: ::&o

1.444 -.006
1.494 ..W6
1.067 .Om

1.640 .Im

: ;~ .011

.o14
1.714 -.W1

-.Ow
1.*4a

-*OM
-ml

m or op.

~ ----
Ext- 1 mber

w

O.wa

;%
.W1
.Im
.=0

-ml
-.wl
-.WO
-.01s
-.OW
-.wl
-.016
-ma
-all
-.Ow
-.W6
-.004
-.001

-t%
-.W3
-ala

-.m6
-.OM

,

Omter

@’

1.194
1.467

1.460
1.4aJ
1.6s6
1.004
1.5C4
l.alm
1.075
1.6W
1.606
1.W?
1 .6s3
::%

1.W7
l.m
1.6W
1.6s0
1.467
Lam
1.W6
1.916
1.740
1.706

1.744

t ● ✍ mter Iblall,astemal
1o11

Outershell, embmmnl Cwser Shell, ext.3w - Oukr Cbell, extuml tier @hell, u4mm41
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